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ABSTRACT
Background: Copper is an essential trace element and necessary for body survival. It plays a role in red blood cells
construction. Additionally, it act as a cofactor in various critical biological manners such as iron transport and respiration.
As well as, the other main functions of Cu are enzymes cofactor, antioxidant enzymes, and non-enzymatic antioxidants
such as cytochrome oxidase, lysyl oxidase, ceruloplasmin, superoxide dismutase, catalase, glutathione, and metallothionein.
Materials and Methods: This study was conducted to investigate the role of different concentrations of copper sulfate on
the immunity response. A total of 24 local male rabbits were divided into three groups. The first and second groups were
administrated copper sulfate orally 0.75% and 1%, respectively, while the third group was administrated normal saline
1% as a control group. Results: The results showed a highly significant effect (P ≤ 0.05) for IgG, IgM, and IgA in 0.75%
concentration of copper sulfate compared with T1 and T3 and so showed a significant increment of IgG and IgA concentration
in the serum of rabbit Group 1 (T1) compared with control Group T3. On the other hand, the results showed a significant
(P ≤ 0.05) increase in the complement C3 of rabbit that administrated 0.75% and 1.0% of copper sulfate compared with
control Group T3. Moreover, the results revered to a significant effect in complement concentration C4 in Group T2 compared
with T3. The results recorded significantly decrement in the reduction of dye (NBT) in the two treated groups compared with
the control group T3. While the migration inhibition factor, there were recorded no significant differences among the treated
groups compared with the control group. The liver and spleen weight of treated group rabbits were showed significant
increases compared with the control group. Conclusion: The study concluded that the copper sulfate has effectiveness role
an immunity improvement.
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INTRODUCTION
Copper is an essential trace element and necessary
for body survival. It plays a role in red blood cells
construction.[1] Likewise, helps as a cofactor in
different basic natural habits, for example, iron
transport and respiration.[2] As well as, the other main
functions of Cu are enzymes cofactor, antioxidant
enzymes, and non-enzymatic antioxidants such as
cytochrome oxidase, lysyl oxidase, ceruloplasmin,
super oxidase dismutase, catalase, glutathione, and
metallothionein.[3,4] Copper contributed with many
important interactions of the body and also has a strong
relationship in stimulating the immune system.[5] It
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might induce an innate immune response is by direct
stimulation of toll-like receptors (TLRs).[6] While
others research shows that the copper can induce a
higher concentration and regulation of the immune
markers such as (complement, neutrophils, and
macrophages of both M1- and M2-phenotypes)[7] and
true conversely. Copper deficiency can cause, anemia
and growth combat and loss of some metabolic
enzymes such as superoxide dismutase. Immune
response inhibition, neutropenia, decrease of white
blood cells, or neutrophils and decreasing lymphocyte
cells may also resulted from copper deficiency.[8]
On the other hand, increasing copper rates, it may
lead to poisoning and the occurrence of chest pain,
abdomen pain, stop urination, yellowish skin, may
be developed severe intravascular hemolysis, acute
severe hepatic and renal failure, as well as adrenal
insufficiency.[9] Therefore, this study conducted to
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evaluate the role of copper in the immune response
and improvement.

MATERIALS AND METHODS
A 24 local male rabbit weights 950–1200 g were
divided randomly into three groups; each group
has eight rabbits. The first and second groups were
administrated copper sulfate orally 0.75% and 1%,
respectively, while the third group was administrated
normal saline 1% as a control group. All animals were
fed ration ad libitum. Blood samples were collected
from the heart after 30 days and the following
parameters were measured:
Concentration Rate of Immunoglobulins and
Complement System Proteins
Single radial immunodiffusion were used to measure the
concentration of immunoglobulines and complement
using according to manufacturer instructions (LTA/
Italy).[10]
Nitroblue Tetrazolium Reduction Test (NBT)
Add 75 μl from polymorphonuclear leukocytes
(PMNs) suspending in special glass tubes then add
75 μl of NBT dye. Mix the contents quietly between
the fingers and put the tubes in the incubator at 37°C
for 25 min, then take 20 μl from each tube and put on a
slide, left to dry and fixed with methanol solution and
then dye by Giemsa stain leave 15 min. Then, cells
calculated under the optical microscope.[11]
Migration Inhibition Factor (MIF) Test
Pour 10 mL of the agarose medium in the Petri dish
and then left to harden, then done two holes for each
Petri dish. After that, 200 μl of PMNs concentration of
1 × 10 cells/mL were placed in each hole, incubation
37°C with 5–10% CO2 for 32 h. After the incubation,
fixed them with methanol solution for 15 min, dyed by
Giemsa stain for 20 min and then rinse with distilled
water, calculate MIF by Ruler.[12]
Statistical Analysis
The data obtained were subjected to statistical
analysis using one-way analysis of variance and least
significant differences post hoc test was performed
using SPSS-24.

RESULTS AND DISCUSSION
The results showed that the different copper sulfate
concentrations had has effects on the immune response;
furthermore, stimulation humoral and cell-mediated
immune system were observed, copper sulfate had
an effect on the immunoglobulin and complement
concentrations in treated rabbits serum and showed
a highly significant (P ≤ 0.05) concentration (IgG)
for all groups treated with copper sulfate compared
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with the control group T3 [Table 1]; furthermore,
the results showed a highly significant (P ≤ 0.05)
concentration of IgM and IgA in T2 compared with
T1 and T3 and showed a highly significant (P ≤ 0.05)
(IgA) concentration in T1 compared with control
group T3. Also the results revealed that there is a
significant effect in 0.75% concentration of copper
sulfate, these result agreements with[13,14] that indicate
the optimum dietary copper sulfate levels could
be greater than 10.3 mg Cu kg−1 diet but less than
13.1 mg Cu kg−1 diet in juvenile beluga, when copper
sulfate is used as the dietary source of inorganic
copper. also, agreement with Senthilkumar P et al.[5]
that the levels of Ig, IgG, and IgM against chicken
RBC have a tendency to be higher in copper sulfate
administrated to lambs as role of copper in immunity
response. This results can be explained through that
important chemical element necessary for survival
and great importance for this element by enters in the
bioactivity of the organism.[15,16] furthermore, “copper
has been known to have antimicrobial activity, it has
been recognized by the American Environmental
Protection Agency as the first metallic antimicrobial
agent in 2008”[17] and used to stimulate the immune
response by affecting on TLR receptors on the surfaces
of immune defense cells that considered the first line
of defense.[6] Moreover, the expression of interleukin1-beta (IL-1b) and tumor necrosis factor-alpha (TNF)
showed a dose-dependent increase with the increased
copper sulfate dose.[18] As well as, the results recorded
a highly significant (P ≤ 0.05) in the complement
C3 of the Group T1 and T2 compared with T3, and
increase significantly in the complement C4 in the
Group T2 compared with T1 and T3, also found a
highly significant in Group T1 than T3 [Table 1]. That
consideration is one of the most important factors in
innate immunity, the functioning of the complement
system during the early stage of infection and
directly mediates the elimination of pathogens.[19] The
results agreed with El Basuini et al.,[16] which shows
a significant effects (P ≤ 0.05) of copper-loaded
nanoparticle supplementation on growth performance,
hematological and immunological properties in broiler
herbs, especially for complement C3 and C4.
The results showed a decrease significantly (P ≤ 0.05)
in the reduction of dye (NBT) in the two treatment
groups with copper sulfate compared with the control
group T3 [Table 2]. NBT is an interesting material
that is of importance in the study of neutrophil
capacity and valuable to the study of phagocytosis.
The results of the current study disagreement with the
Sharma et al.,[20] who mentioned that the neutrophils
have highly phagocytic activity against Candida
albicans, explain this result here is the presence of the
causative agent or foreign body (bacteria, fungi, and
virus) and the animal treatment with copper sulfate.
However, our results agree with Zvyagintseva et al.[21]
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Table 1: The effect of copper sulfate on some component of immunity on the serum rabbits
Treated group
T1 (1.0) CuSO4
T2 (0.75) CuSO4
T3 control

IgG (mg/dl)
1946.67±17.64a
2203.0±32.47a
933.33±60.09b

IgM (mg/dl)
181.0±9.24b
230.0±20.78a
182.0±4.16b

IgA (mg/dl)
322.5±18.18b
532.5±22.27a
202.83±41.57c

C3 (mg/dl)
359.0±15.01a
358.0±5.77a
214.66±44.78b

C4 (mg/dl)
74.0±2.31b
92.0±2.88a
46.0±6.92c

The different lower case letters refer to significant variances between different groups at P≤0.05

Table 2: The effect of copper sulfate on the spleen, liver weight, MIF, and NBT on the serum rabbits
Treated group
T1 (1.0) CuSO4
T2 (0.75) CuSO4
T3 control

Spleen weight (g)
0.77±0.082a
0.29±0.13b
0.53±0.02a,b

Liver weight (g)
51.31±136a,b
64.29±8.46a
40.32±6.48b

MIF (mm)
17.17±1.61
17.12±1.73
15.61±0.98

NBT (%)
7.66±1.66c
12.66±1.45b
16.34±1.20a

The different lower case letters refer to significant differences between different groups at P≤0.05

during the copper administration of investigational
animals showed a decline in the guide of completion
of phagocytosis, indicating the letdown of the
endocytosis process and low stimulation index due
to the low activity of the NADPH oxidase system
of phagocytes. Moreover, copper sulfate, especially
in low concentration, is an important factor in the
immune system.
The results of the MIF recorded a non-significant
effect among the treated compared with the control
group. The results of the Migration Inhibition factor
(MIF), recorded a non-significant effect among the
treated compared with the control group. Perhaps
the interpretation of this result that copper sulfate is
an immune stimulation or enhancement and enter
in oxidative processes also a metabolic stimulant
and enter into the synthesis of many important
enzymes in metabolic activity[16]. copper sulfate
increases the activity of macrophage cells[22], and
this leads to an increase in expression and production
IL-1beta, TNF-alpha[13], they are important sources
to inhibition polymorphic cells (PMNs) to migration
from capillary.[23] The macrophage cells that consider
a source of MIF, so usually the mice that appear as
a result of MIF deficiencies are protected from the
consequences of infection.[24,25]
It was also found that the significant effect of results
had a significant (P ≤ 0.05) effect on the liver weight
of rabbits that treated with copper sulfate T2 compared
with treatment T3. May be due to the copper sulfate
has effectiveness showed off in all biological activities
and also the copper useful in improved final body
weight in broiler chicken.[26] Liver is an important
organ affected by trace chemical elements, as it has
an effect on the metabolic effectiveness, including in
the metabolism of all kinds of lipid profile. Samanta
et al.[27] displayed that, there is significant reductions
(P ≤ 0.05) of total cholesterol, triglyceride, and an
elevated concentration of HDL-cholesterol, of the
chickens fed with 250 mg Cu kg−1. Copper deficiency
has been reported to influence lipid metabolism”[28]
as well as has to effect on liver enzymes such as
2656

cholinesterase (ChE) that found to be affected by
copper sulfate, as 100% of cholinesterase activity was
inhibited at 20.0 mg/L.[29]
The spleen weight of rabbits that treated with copper
sulfate Group T1 recorded significantly increased
compared with the control group T3. Spleen
considered as an important immune organ by active
immune response through humoral and cell-mediated
pathways. These results agreement with Mitra
et al.[30] who mention related decreases and increases,
respectively, in splenic weights that depended on
copper-treated mice proved immunotoxicity as
indicated when used 5 mg/kg and splenic weight
increased depended on rising copper concentration.

CONCLUSION
The results revealed that the using of copper sulfate
leads to improve some immunity component.
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